Abstract. When the system occurs multiple generators out-of-step, we need to put forward a program of large multi-generator out-of-step protection considering the safety of both source and grid. It can avoid the impact of simultaneous tripping of multiple generators on the power grid and play maximally the ability of withstanding the asynchronous oscillation of the generator. According to the area criterion, we could calculate the minimum number of cutting generators in the case of line failure. On this base, the scheme was realized by constructing communication network and special multi-generator out-of-step protection device. It is shows that the number of minimum machines is cut in the case of line failure by simulation, the system can resume synchronization.
Introduction
Nowadays, multiple generating units are connected in parallel to the same bus accessed to the external system through high voltage transmission line in large power plants. When an external disturbance causes an oscillation, the electrical conditions of the units are almost the same, multiple generators are likely to step out at the same time [1] . The existing protection principle is based on single machine infinite bus system model, as long as the generator and the external system are detected to be out of step oscillating and meet with certain conditions, the protection will trip, instead of coordinating with asynchronous protection of other units in parallel [2] . In this case, all generators will be removed when multiple machines are out-of-step according to the existing out-of-step protection, which is unfavorable to the stability of power grid. It is helpful for the recovery of system stability to trip out one or several units and then take synchronous measures for remaining units [3] .
On the other hand, the operation of out-of-step oscillation may damage generator stator winding, shaft system and affect the safety. The larger the unit capacity and the more the unit number, the weaker its resistance to electrical disturbance. In order to protect the safety of generators, they are expected to be removed once detected to be out-of-step [4] . Hence, generator safety and power grid integrity are inconsistent with the requirement of generator out-of-step protection [5] .
In conclusion, it is significant for maintaining the integrity of the system and ensuring the safe and stable operation of the power grid during the system oscillation to design the cooperation strategy of protection and formulate a scheme of protection considering the source network to avoid multiple generators tripping at the same time in the premise of ensuring the safety of the unit on the basis of analyzing the reason of multi-generator out-of-step [6] .
The Operational Strategy
First of all, there are two main cases for multi-generator out-of-step. They are line fault and system disturbance [7] . The analysis of the two cases is similar, so line fault is analyzed in the following.
When multi-generator are out of step, it may only need to remove some to quell the oscillation, so that the system to resume synchronous operation. From the perspective of adapting to the tough power demand of smart grid, it is necessary to avoid the impact of tripping on the system, and keep the integrity of the system in the oscillation process as much as possible. Therefore, we need to study the multi-generator out-of-step protection of action with the strategy.
The key to this problem is how many units can be removed to synchronize the system. It not only ensure the safety of the generator by eliminating the generator out of the running state, but also protect the system power support by cutting the generator as little as possible. Next, we will analyze multi-generator out-of-step caused by line failure.
For multi-generator infinite bus system, in the moment of the line fault cut off , the acceleration area acc A （ ） and the maximum deceleration area dec A （ ）can be calculated [7, 8] . If acc dec A A > , the multi-generator out-of-step will be predicted, then the protection of generator out-of-step should be set. The power angle characteristic, assuming trip cut m generator is shown in Figure 1 . On the one hand, the reactance value of equivalent generator and transformer becomes larger when m generators trip, making the curve of power angle characteristic is reduced. On the other hand, the input mechanical power is also reduced. The change in the maximum deceleration area is unknown, and its value is a function of m. Remembering
When the cutter angle is slightly greater than the limit cut angle, make 
Where s X ′ is the equivalent reactance of the system after clearing faulted line, s X ′′ is the equivalent reactance of the system when line fault, 0 ∂ (radian) is occurs when the line fault, c ∂ (radian) is occurs when removing faults and generators, and cr ∂ (radian) is occurs when run ultimately.
By solving the formula (1), the minimum natural number solution 0 ( ) m is obtained. Namely, 0 m is the number of generators that the system is resumed to remain synchronized at least. It will not only eliminate the out-of-step running state, but also make the number of tripping generators to be minimize, which considering the safety of both source and grid. If there is no solution, this indicates that multi-generator out-of-step protection cannot avoid out of step regardless of how many units are removed. At this point the protection should not set, waiting for removing generator after the protection criteria for each unit be met. These protect the safety of the generators and play the ability of subjecting to out-of-step oscillation. The system maintains synchronous and stable operation by calculating the minimum number of units to be removed, the command of trip is issued to the corresponding protection device.
The Scheme of Implementation
Under normal conditions, out-of-step protection is based on a single generator and the protection device only collects the local information, so the protection between the generators is an isolated system. But the protection object of multi-generator out-of-step protection is more than one generator running in parallel; the protection decision-making need to use information of multi-generator and grid side, and operational export orders also need to be issued to each one. So a protection system need to be built with information integration and interactive functions [9] . Figure 2 shows an implementation plan based on information sharing. At present, other protection of the generator only need to use single information generally, in order to ensure reliability, this protection is still retained. The protection device communication with the protection device of generator-transformer unit and line protection in the whole plant, and then they get the data information and release the operational command. Information of the voltage and current of each unit and line are uploaded to the protection device. Protection can detect the occurrence of disturbance by using "The Theory of Consecutive 3 Points Phase Current" [10] . The change of power determines the state of disturbance and the status of switch identifies the information of the line. Protection determines whether occur multi-generator out-of-step by calculating the acceleration area and the maximum deceleration area. 
Verification of Simulation
The dual-loop power supply system with 100 same parameters generator will be used for simulation. As shown in Figure 3 . Outlet of L1 occurs two-phase ground short fault, and then, removing the fault and generator after the limit cut angle. Calculate how many units can be restored to stabilize the system at least.
With the formula (1), six at least can be calculated. Here is simulation verification. Figure 4 shows the multi-generator infinite bus system in which the 100 generators run in parallel. Ggenerally speaking, the model, specification, electrical parameter and operating point of generator in parallel are very similar, thus, 100 generators can be equivalent to one generator, as shown in Figure 5 . It should be noted that reactance parameters of the generator and transformer vary depending on the number of cutters. Cutting machines from 1 to 100 units, with a unit to increase the speed. Respectively, the simulation of each system to calculate the corresponding acceleration area and deceleration area, and then drawn below the line chart with the results [11] . As shown in Figure 6 :
As can be seen from Figure 6 : with the increase in the number of cutting machine, the acceleration area is unchanged, the deceleration area is increase. When = 
Conclusion
In accordance with the requirements of tough power supply, large generators out-of-step protection need to take into account the safety of the unit and the grid. This paper focuses on research of large multi-generator out-of-step protection considering the safety of both source and grid. Here are the main work and conclusions:
(1) The operational strategy of protection was put forward. Equivalent circuit and power angle characteristics are studied and the minimum number of removal is calculated;
(2) The implementation scheme of protection is developed. The scheme based on information sharing is constructed. A multi-generator out-of-step protection device communication with the protection device of generator-transformer unit and line protection in the whole plant, and then they get the data information and release the operational command; (3) Verify the minimum number of cut units. The simulation verifies the correctness of the formula (1) by using the example.
